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ORIGINAL ARTICLE

Endodontic infections in a Portuguese population
with self-reported cardiovascular disease - a cross-

sectional study

Aim: To assess the prevalence of apical periodontitis, root-filled teeth,
and related covariates, considered potential risk factors for cardio-
vascular diseases in patients with a self-reported cardiovascular
disease history, who first attended the Faculty of Dentistry, Univer-
sity of Porto, in 2018.

Methodology: Out of 2,063 reviewed medical and dental records,
1,841 individuals met the inclusion criteria. Endodontic infections
and oral status were assessed through orthopantomography. Cardi-
ovascular disease classification was based on self-reported diagno-
sis. Medical history included dichotomous data on hypertension,
diabetes mellitus, and smoking. Bivariate analyses were conducted
using Student’s t-test for quantitative variables and Pearson’s Chi-
square test for categorical variables (95% ClI, a = 0.05). Multivariate
logistic regression assessed the impact of confounders on the pres-
ence of apical periodontitis and root-illed teeth. Statistical significance
was set at p < 0.05.

Results: The prevalence of apical periodontitis and root-filled teeth
was 72% and 57% in patients with cardiovascular diseases, and
45.6% and 47.8% in those without. Bivariate analysis revealed sig-
nificant associations between cardiovascular disease and age, gen-
der, number of teeth, apical periodontitis, hypertension, diabetes,
and smoking. No significant association was found between cardio-
vascular disease and root-filled teeth. In the multivariate model, the
association between apical periodontitis and cardiovascular disease
was no longer statistically significant.

Conclusion: Although the prevalence of apical periodontitis and
root-filled teeth was higher in patients with self-reported cardiovas-
cular disease, no significant association was observed. Hypertension
and smoking emerged as key risk factors for cardiovascular disease.
Further research is warranted to clarify the potential link between
endodontic infections and cardiovascular conditions.
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Introduction

pical periodontitis (AP) is
an immunoinflammatory
reaction of the periradicular
tissues to a polymicrobial
infection originating in the
root canal system, often leading to bone
resorption (1). It is a highly prevalent oral
condition, affecting nearly half of the
adult population (2). The prevalence of
AP is higher in individuals with sys-
temic conditions (63%) compared to
healthy individuals (48%) (2). Its occur-
rence has increased over the past decade
in both endodontically treated and un-
treated teeth (3). Diabetes mellitus, car-
diovascular diseases (CVDs), and smok-
ing were identified as significant factors
influencing AP prevalence (2). Overall,
AP affects approximately 5% to 6.3% of
all teeth. In root-filled teeth (RFT), the
prevalence is higher, around 7.4%, with
39%—41% of individuals presenting at
least one RFT showing signs of AP. In
contrast, untreated teeth show a lower
prevalence, ranging from 3% to 3.5% (2,
3).
Endodontic treatment is commonly per-
formed worldwide, with an estimated
8.2% of all teeth having undergone root
canal therapy. Approximately 56% of
individuals have at least one RFT, reflect-
ing the widespread use of this treatment
(4). The success of endodontic therapy
can be influenced by systemic conditions
such as diabetes mellitus, smoking, and
hypertension (5), which may impair
periapical healing (6, 7). Additionally,
the overall oral inflammatory load—in-
cluding the number of carious lesions,
residual roots, and remaining teeth—may
contribute to a systemic pro-inflamma-
tory state, potentially increasing cardio-
vascular risk (6).
CVDs are a leading global public health
concern, responsible for approximately
19.1 million deaths in 2020 (8). This
group of disorders affects the heart and
blood vessels, including conditions such
as coronary heart disease, stroke, periph-
eral artery disease, and rheumatic heart
disease. CVDs significantly impact qual-

ity of life and healthcare systems, with
a prevalence of 48.6% among adults,
rising with age. In 2020, deaths from
heart disease and stroke surpassed those
from cancer and chronic respiratory
diseases (9). Common risk factors include
diabetes mellitus, smoking, and hyper-
tension (10, 11).

Hypertension has long been recognized
as a major risk factor for fatal cardiac
disorders. Endodontists should be aware
of the systemic implications of endodon-
tic procedures and the need for multidis-
ciplinary management, making it essen-
tial to stay updated on current guidelines
and ensure proper blood pressure control
before dental treatment (12).

Recent studies have investigated the
potential bidirectional relationship be-
tween endodontic infections, and sys-
temic diseases, highlighting the complex
interplay between local and systemic
inflammatory processes (13). However,
the underlying mechanisms remain a
subject of debate, largely due to the pres-
ence of various confounding factors
(14-16). Several findings support a bio-
logically plausible link between end-
odontic inflammation and cardiovascu-
lar outcomes, including the presence of
gram-negative anaerobes, local release of
pro-inflammatory cytokines, and elevat-
ed systemic inflammatory markers and
endothelial activation in patients with
AP—features also associated with ath-
erosclerosis and acute cardiovascular
events (17, 18). Nonetheless, the evidence
remains insufficient to establish a con-
clusive association.

Thus, this cross-sectional study primar-
ily aimed to assess the prevalence of AP
and RFT in patients with self-reported
CVDs who first attended the Faculty of
Dental Medicine of the University of
Porto in 2018. A secondary objective was
to evaluate other known covariates, in-
cluding the number of carious lesions,
the number of teeth and residual roots
present, as well as systemic conditions
considered potential risk factors for
CVDs. The null hypothesis stated that
patients with self-reported CVDs would
not exhibit a higher prevalence of AP or
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RFT, nor be more affected by their oral
inflammatory status, compared to indi-
viduals without self-reported CVDs.

Materials and Methods

Patient’s selection

The present study analysed data from
2,063 medical and dental records from
the Faculty of Dental Medicine of the
University of Porto. Data were collected
from all patients attending their first-
ever appointment for routine dental care
at the faculty’s pedagogic clinic in 2018.
To avoid data duplication, only first-time
visits were included. The study was ap-
proved by the institution’s ethics com-
mittee (research project 9/2025) and
conducted in accordance with the
STROBE guidelines for observational
studies (19). Only patient data that met
the study's inclusion criteria were used
(n=1,841), that is, individuals over 18
years old, with more than eight teeth,
complete clinical records, and digital
panoramic radiographs. Patients who did
not meet these criteria were excluded
from the study (n=222). The CVD group
of diseases was classified according to
the World Health Organization Guide-
lines Subcommittee’s criteria (8). How-
ever, the patient data included were based
on self-reported diagnoses. Patients who
did not self-report any form of CVD and
had their first appointment at the Fac-
ulty of Dental Medicine of the Univer-
sity of Porto during the same period
served as the non-CVD group.

Data collection

Sociodemographic (age and gender) and
medical variables were collected. Sys-
temic conditions like hypertension, dia-
betes mellitus, and smoking habits were
recorded from the medical history using
a dichotomous response (yes/no). Regard-
ing smoking habits, patients were catego-
rized as non-smokers if they had never
smoked and smokers if they were current
or former smokers, according to other
studies (20). As for hypertension, to apply
stricter inclusion criteria, only patients
who were taking anti-hypertensive
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medication were considered (20).

Two qualified endodontists with 20 years
of clinical experience (NV and IM) ex-
amined panoramic radiographs on a
computer screen, blinded to the patient’s
medical histories. All teeth, except third
molars and dental implants, were as-
sessed. For each patient, the following
variables were evaluated: the number of
RFT, number of teeth with AP, prevalence
of teeth with AP in RFT (RFT-AP),
prevalence of teeth with AP but without
root fillings — designated as untreated
teeth with AP (UT-AP), number of teeth
present, number of teeth with caries or
restorations (designated as caries experi-
ence), and number of residual roots. Teeth
were classified as RFT if any radiopaque
material was visible in the root canals.
The prevalence of AP, RFT, RFT-AP, and
UT-AP was determined by calculating
the percentage of individuals with at least
one affected tooth. The oral status was
described based on the number of teeth
present, caries experience, and number
of residual roots, per individual, follow-
ing the methodology of previous studies
(21, 22).

Periapical Status Assessment and Ra-
diographic Evaluations

The condition of the periapical tissues
was evaluated using the periapical index
of Orstavik (PAI) (23). AP was diagnosed
when the scores were greater than two
(PAI = 3). For multi-rooted teeth, the high-
est recorded score was considered the
tooth's PAI score. All panoramic radio-
graphs were taken using an Orthoralix®
9200 DDE (Gendex) orthopantomograph
and assessed with VixWin Platinum®
software, which allows for adjusting the
image size and contrast.

Examiner's Calibration

Previously, the examiners participated
in a PAI system calibration course (23),
which involved independently evaluating
the radiographs twice. Intraobserver re-
producibility was assessed by scoring the
radiographs of 50 patients, randomly
selected, and two months after the initial
examination, re-scoring the same radio-
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Table 1
Characteristics of the
examined variables per
individual in the total
sample (SD, standard
deviation; AP, apical
periodontitis; RFT,
root-filled teeth; RFT-AP,
root-filled teeth with
apical periodontitis;
UT-AP, untreated teeth
with AP).

Table 2

Prevalence and types of
cardiovascular diseases
(CVDs) (8) self-reported
in the study population

Table 3

Prevalence of individuals
with self-reported
systemic conditions
associated with
cardiovascular risk
factors.

graphs. Cohen’s kappa values of 0.70 and
0.72 were calculated. The interobserver
calibration for PAI yielded a Cohen’s
kappa of 0.71. In cases of disagreement a
senior professor (IPV) joined the discus-
sion to reach a consensus.

Statistical Analysis

Data were recorded in Microsoft Excel
(Microsoft Corporation) and then im-
ported into IBM SPSS Statistics (Version
30.0; IBM Corp.). For descriptive statis-
tics, results were expressed as mean +
standard deviation (SD) for continuous
variables and as frequency and percent-
age for categorical data. Bivariate analy-
ses of quantitative variables between the
CVD and non-CVD groups were per-
formed using the student’s t-test, while
categorical variables were analyzed using
Pearson’s Chi-square test (CI 95%, a
=0.05). The effect of potential confound-
ing factors on the risk of AP and end-
odontic status (RFT) was assessed using
multivariate logistic regression. In ac-
cordance with the established signifi-
cance level, a p-value <0.05 was consid-
ered statistically significant.

Results

Data from 1,841 patient records were
analysed in this study (Table 1). The

average age was 43.8 + 17.6 years, with
women having an average age of 43.0 +
17.2 years and men 45.1 + 17.9 years.
The prevalence of individuals with CVDs
in the sample was 5.8% (n=107). Table 2
shows the frequencies and types of CVDs
identified in the studied population, ac-
cording to the WHO (8).

Table 3 shows the prevalence of self-re-
ported systemic conditions related to the
occurrence of CVDs (risk factors for
CVDs).

Table 4 shows the distribution of the
examined variables between the CVD
and non-CVD groups and analyzes their
association with CVDs.

In the CVD group, 72% of individuals
had at least one tooth with AP (preva-
lence of AP), and 57% had at least one
RFT (prevalence of RFT). In comparison,
the non-CVD group showed prevalence’s
of 45.6% for AP and 47.8% for RFT. The
difference in AP prevalence between the
groups was statistically significant, while
the difference in RFT prevalence was
not. However, significant differences
were found between the CVD and non-
CVD groups in the prevalence of indi-
viduals with at least one RFT with AP
(RFT-AP), as well as those with at least
one untreated tooth with AP (UT-AP). To
examine variables related to oral status
(number of teeth present, caries experi-

Variables Total Cardiovascular Diseases Frequency, n (%)
Age (years), mean * sd 43.8+17.6 Stroke 61 (57.0)
Gender, n (%) - Male 761 (41.3) Myocardial infarction 18 (16.8)
Gender, n (%) - Female 1080 (58.7) Cardiac arrhythmia 15 (14.0)
Number of teeth with APmean £sd |0.9+1.3 Heart failure 6 (5.6)
Prevalence of AR n (%) 867 (47.1) Aneurysm 3(2.8)

Number of RFT, mean + sd 1.2+2.0 Others 4 (3.8)
Prevalence of RFT, n (%) 889 (48.3) Table 2

Prevalence of RFT-AR n (%) 494 (26.8)

Prevalence of UT-AR n (%) 561 (30.5) CVDs-systemic related conditions Frequency, n (%)
Number of teeth present, mean £ sd | 23.8 £ 5.1 Hypertension, n (%) 377 (20.5)
Caries experience, mean + sd 54+4.6 Diabetes mellitus, n (%) 123 (6.7)
Number of residual roots, mean £ sd | 0.4 £ 2.0 Smoking Habits, n (%) 698 (37.9)

Table 1 Table 3
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Variable CVD group (n=107) Non-CVD group (n=1734) p value
Age (years), mean £ SD 60.9 + 13.7 428 +17.2 <0.001*
Gender, n (%)

Male 57 (53.3) 704 (40.6) 0.010%*
Female 50 (46.7) 1030 (59.4)

Number of teeth with AR mean = SD 1.8+1.6 09+£13 <0.001*
Prevalence of AR n (%) 77 (72.0) 790 (45.6) <0.001*
Number of RFT, mean = SD 1.3+1.8 1.2+1.8 0.161
Prevalence of RFT, n (%) 61 (57.0) 828 (47.8) 0.063
Prevalence of RFT-AR n (%) 39 (36.4) 455 (26.2) 0.021*
Prevalence of UT-AR n (%) 60 (56.1) 501 (28.9) <0.001*
Number of teeth, mean = SD 194 +£6.1 241 £49 <0.001*
Caries experience, mean = SD 5.7x4.9 54+45 0.242
Number of residual roots, mean £ SD 0.6+£1.2 04+21 0.236
Hypertension, n (%) 67 (62.6) 310 (17.9) <0.001*
Diabetes, n (%) 20 (18.7) 103 (5.9) <0.001*
Smoking Habits, n (%) 57 (53.3) 103 (37.0) <0.001*
*statistical significance (p<0.05)

Table 4

Distribution of the
examined variables in
the CVD and non-CVD
groups. (SD, standard
deviation; AP, apical
periodontitis; RFT,
root-filled teeth; RFT-AP,
root-filled teeth with AP;
UT-AP, untreated teeth
with AP).

ence, and number of residual roots), a
Student’s t-test was conducted to evaluate
differences in the mean values between
the CVD and non-CVD groups. Signifi-
cant differences were found in the mean
number of teeth present between the two
groups. Regarding variables representing
risk factors for CVDs, such as hyperten-
sion, diabetes, and smoking habits, sig-
nificant differences were also observed
between the CVD and non-CVD groups.
To identify the factors associated with
periapical status (AP prevalence), a mul-
tivariate logistic regression analysis was
performed using a forward stepwise
method.

The dependent variable was “periapical
status” (0 = no teeth with AP; 1 = at least
one tooth with AP). Age, gender, number
of teeth, caries experience, number of
residual roots, presence of at least one
RFT, presence of CVD, hypertension,
diabetes mellitus, and smoking habits
were the independent variables included
in the analysis. In the final model, a
statistically significant positive correla-
tion is shown in Table 5. The number of
teeth present showed a statistically sig-
nificant negative correlation with AP,
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with a higher number of teeth being as-
sociated with a reduced likelihood of
having AP.

Finally, a multivariate logistic regression
was performed to assess the factors as-
sociated with the dependent variable
"endodontic status" (0 = no RFT; 1 = at
least one RFT). The independent vari-
ables included in the model were: age,
gender, number of teeth, caries experi-
ence, number of residual roots, presence
of AP, presence of CVD, hypertension,
diabetes mellitus, and smoking habits.
Age (OR = 1.0; 95% CI = 1.012-1.025;
p<0.001), female gender (OR = 0.7; 95%
CI = 0.578-0.916; p = 0.007), prevalence
of AP (OR = 3.1; 95% CI = 2.472-3.961; P
< 0.001) and caries experience (OR = 1.3;
95% CI = 1.283-1.371; p < 0.001) were
found to be significantly associated with
the presence of RFT.

Discussion

The hypothesis that AP may be associ-
ated with systemic conditions, particu-
larly CVDs, is supported by cross-sec-
tional and longitudinal studies as well
as biologically plausible mechanisms.
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95% C.l. for OR
Independent variables | B SE p value OR LL UL
Age (years) 0.013 0.005 0.005* 1.014 1.004 1.023
Gender 0.115 0.015 0.338 1.121 0.887 1.418
Caries experience 0.101 0.064 <.001* 1.106 1.075 1.139
No. of residual roots 0.229 0.015 <.001* 1.257 1.109 1.424
No. of teeth -0.074 0.118 <.001* 0.928 0.902 0.955
Smoking Habits 0.895 0.181 <.001* 2.447 1.941 3.087
Diabetes 0.208 0.149 0.392 1.231 0.765 1.981
Hypertension 0.488 0.127 0.007* 1.629 1.144 2.321
CVD 0.124 0.504 0.629 1.132 0.684 1.873
No. of RFT 1.155 0.005 <.001* 3.174 2.474 4.072
Constant -0.767 0.015 0.128 0.465
*statistical significance (p<0.05)

Table 5

Multivariate logistic
regression analysis of
factors associated with
AP using forward
stepwise selection (B,
logistic regression
estimated coefficient;
S.E., estimated
standard error for the
estimated coefficient; p
value, value associated
with the statistical
coefficient test; OR, esti-
mated odds ratio; ClI,
confidence interval of
95% for odds ratio; LL,
lower limit; UL, upper
limit).

This cross-sectional study aimed to as-
sess the prevalence of AP and RFT in a
Portuguese population attending their
first appointment at the Faculty of Den-
tistry, University of Porto, in 2018, and
to explore their association with self-
reported CVDs. The recruitment followed
a methodology similar to that used in
previous studies in Portugal (24-26) and
internationally (21, 22). The inclusion of
1,841 patients provide a relatively large
sample size, which strengthens the reli-
ability and consistency of the observed
associations. As in related studies (20,
22,26-28), we excluded patients with
fewer than eight teeth, a criterion likely
to reduce the risk of diagnostic confound-
ing between endodontic and periodontal
conditions.

The overall prevalence of AP in our study
was 47.1%, per individual, consistent
with recent systematic reviews and
meta-analyses (2, 3). Compared to the
previously reported prevalence of 44.2%
in a Portuguese population in 2014 (25),
our findings suggest a stable but slightly
increasing trend. This pattern is in line
with the findings of Razdan, Jungnickel
(29), who observed a rise in the relative
frequency of AP in a Danish population
over a 10-year period (1997-2007). While
a declining trend in RFT was observed
in the Danish population (29), our study

found a 48.3% prevalence of RFT (com-
pared to 47.2% in 2014), suggesting that
the prevalence of both AP and RFT in
Portuguese samples has remained rela-
tively stable over the past decade (25). A
2012 Portuguese study reported lower
rates of AP and endodontic treatment,
possibly reflecting a less conservative
endodontic approach, where increased
extractions may have reduced the ob-
served prevalence of AP (26).

A cone-beam computed tomography
(CBCT) study conducted in a Scottish
sub-population, using data collected from
2009 to 2012 (30), reported AP in 5.8% of
3,595 teeth assessed from dentate patients
over 18 years of age. With a similar meth-
odology, a study in Portugal analyzing
scans from eight private health centers
(2012-2018) found an overall AP preva-
lence of 10.4% per tooth (31). While
highlighting the superior diagnostic
accuracy of CBCT compared to conven-
tional radiographs, the authors noted that
this prevalence still falls within the
range (1.4%-15.1%) reported in earlier
studies using either panoramic radio-
graphs (32, 33) or CBCT (30, 34). In line
with these findings, a previous Portu-
guese study using panoramic radiographs
(26) reported an AP prevalence of 1.7%
(PAI > 3) across 5,552 teeth. More re-
cently, systematic reviews and meta-
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analyses based on panoramic radiographs
estimated global AP prevalence at 6.3%
(3) and 5.0% (2) per tooth.

A significant association was observed
in the bivariate analysis between CVDs
and both the number of teeth with AP
and the prevalence of AP, defined as the
presence of at least one affected tooth per
individual. In contrast, no significant
association was found between CVDs
and either the number or prevalence of
RFTs. However, after adjusting for poten-
tial confounders in the multivariate
model, the association between AP and
CVDs lost statistical significance. These
findings contrast with those reported by
Caplan, Pankow (35), who, in a prospec-
tive study, found that individuals with
a higher self-reported history of endodon-
tic treatment and with 25 or more teeth
were more likely to have coronary heart
disease. Similarly, the Baltimore Longi-
tudinal Study (36) identified endodontic
burden—defined as the combined pres-
ence of AP and RFT—as an independent
mid-life predictor of cardiovascular
events. Nonetheless, both studies high-
light the need for prospective research
to better understand the epidemiology of
endodontic infection and to assess
whether treating AP might reduce car-
diovascular risk. It is important to note
that differences in methodology may
influence the variables assessed and
partially explain these inconsistencies.
Similarly, in a pair-matched cross-sec-
tional study An, Morse (21) using medi-
cal and dental chart review (full-mouth
radiographs) from hospital records, a
bivariate association between AP and
CVDs was reported. Supporting these
findings, Gonzdlez-Navarro, Segura-Egea
(22) also identified a significant associa-
tion between AP and atherothrombotic
cardiovascular events in a matched study
using clinical exams and panoramic
radiographs. Corroborating the present
study, RFT were not significantly associ-
ated.

Unlike the aforementioned studies (21,
22), which used electronic medical re-
cords and ICD-9-CM codes to confirm
CVD diagnoses, our study relied on self-
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reported health data. Although common
in epidemiological research, self-report-
ed information has known limitations,
particularly in the accuracy of medical
and dental history, as individuals may
be unaware of past or existing conditions,
leading to possible misclassification.
Nevertheless, this method remains an
accepted approach for assessing both AP,
RTF and CVD status (2, 35, 37). Age dif-
fered between the CVD and non-CVD
groups and is associated with AP, RFT,
CVD, and related risk factors, represent-
ing a potential confounder. Although this
is a study limitation, not matching for
age (and gender) allowed us to explore
their possible influence as effect modi-
fiers. Asin most epidemiological stud-
ies assessing the prevalence of AP (3), we
relied on panoramic radiographs for
diagnosis. Although CBCT offers greater
sensitivity (38), it is not yet considered
the standard imaging modality for
population-based research. The most
recent position statement from the Euro-
pean Society of Endodontology (ESE)
recommends CBCT only for specific
clinical indications (39). Therefore, con-
ventional radiography remains the pri-
mary diagnostic tool in epidemiological
contexts, even though it may underesti-
mate the true prevalence of AP (38). To
address the limitation of not conducting
clinical examinations, periapical status
and the prevalence of RFT were assessed
using panoramic radiographs. This
method considered appropriate for epi-
demiological research (2), may help ex-
plain, along with other methodological
differences, the discrepancies observed
across studies. Despite a moderate Co-
hen’s kappa value (40), the reliability of
the radiographic assessment—conducted
by two senior dentists specialized in
Endodontics and blinded to participants’
systemic and oral health status—was
reinforced by the involvement of a third
senior endodontist, who resolved any
discrepancies by consensus.

A secondary objective of this study was
to investigate additional oral and sys-
temic factors associated with CVD risk.
Significant associations were observed
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between CVDs and variables such as age,
number of teeth with AP, number of
untreated AP lesions, and total number
of teeth, indicating a poorer oral health
among individuals with CVDs. The com-
plexity of the oral microbiome still
poses significant challenges, particu-
larly regarding the role of microorgan-
isms and their metabolites in oral infec-
tions and subsequent tissue inflammation
(41). Elevated levels of pathogenic bacte-
ria in dental plaque trigger an exagger-
ated immune response. Bacterial compo-
nents, such as lipopolysaccharides (LPS),
stimulate the production of inflamma-
tory mediators and cytokines, which in
turn activate matrix metalloproteinases
(MMPs) responsible for degrading the
extracellular matrix and promoting bone
resorption. These pathological processes
extend beyond the oral cavity, impacting
systemic health. Endothelial dysfunc-
tion, an early marker and independent
predictor of cardiovascular events, un-
derscores the need for a broader under-
standing of these mechanisms to enable
prevention and reduce the healthcare
burden (42).

These findings are consistent with previ-
ous studies (21), which reported associa-
tions between CVDs and indicators of
compromised oral health, including
missing teeth, caries, and the number of
RFTs. Supporting this evidence, Cotti
and Mercuro (43) linked endodontic
infections and poor oral health to early
vascular changes and increased CVD
risk. Similarly, Gonzdlez-Navarro, Se-
gura-Egea (22) emphasized the role of
cumulative oral inflammatory burden,
including caries, periodontal disease, AP,
and furcation lesions, in relation to CVDs,
distinguishing it from metabolic syn-
drome (MetS), a systemic condition
marked by hypertension, hyperglycemia,
and abdominal obesity, which also con-
tributes significantly to cardiovascular
risk.

Several factors have been identified as
influencing AP prevalence: country in-
come level (with higher rates in develop-
ing countries), setting of recruitment
(with higher rates in dental care services),

presence of systemic conditions, study
quality and risk of bias, radiographic
method (e.g., higher prevalence in CBCT-
based studies), and diagnostic criteria
(e.g., lower prevalence when using
stricter PAI thresholds). These findings
underscore the need for greater aware-
ness among health policymakers and
professionals regarding the often-over-
looked burden of endodontic disease at
the population level (2). Although previ-
ous studies have suggested a potential
link between chronic endodontic infec-
tions and CVD, the overall quality of
evidence remains limited (10). Globally,
diabetes mellitus, smoking, and hyper-
tension are recognized as major CVD risk
factors (44). Diabetes mellitus is a wide-
spread condition and was among the first
systemic diseases investigated for asso-
ciations with endodontic infection.
While many studies have shown that AP
can both worsen and be exacerbated by
diabetes mellitus, results remain incon-
sistent (45). In our bivariate analysis,
hypertension and smoking were signifi-
cantly associated with both CVDs and
AP (p < 0.05), whereas diabetes was
significantly associated with CVDs, but
not a predictor for AP.

Comorbidities like smoking and hyper-
tension were also more prevalent in the
CVD group. Smoking has been linked to
a pro-inflammatory state, impaired im-
mune function, and delayed healing,
which may contribute to the development
of AP. Previous studies have reported an
association between smoking and in-
creased AP incidence (46, 47), likely due
to enhanced bone resorption and reduced
pulp defense. However, the literature
remains inconclusive. An, Morse (21)
found no association between smoking
and AP, although they did report links
with hypertension, caries, missing teeth,
and RFTs. Similarly, Gonzélez-Navarro,
Segura-Egea (22) observed no significant
differences in smoking or diabetes status
between CVD and control groups. In
contrast, Portuguese studies have shown
a positive association between smoking
and AP. Correia-Sousa, Madureira (24)
reported a general link, while Melo, Fer-
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reira (25) identified a significant associa-
tion with multiple AP lesions (23; p =
0.025). However, neither Melo’s study nor
the present one found a significant as-
sociation between smoking and RFT
prevalence, diverging from earlier find-
ings by Correia-Sousa’s (24). Supporting
the broader role of smoking in endodon-
tic outcomes, Krall, Abreu Sosa (48) re-
ported that current smokers were 1.7
times more likely to undergo root canal
treatment than never-smokers. A later
study (20) reported AP in 92% of hyper-
tensive patients who also smoked. To-
gether, these findings reinforce the po-
tential impact of hypertension and
smoking on periapical health and sup-
port the associations observed in our
study.

A key finding of the current Portuguese
investigation was the strong association
between CVDs and hypertension, a well-
established major risk factor for athero-
sclerosis and related conditions (49).
Hypertension was defined according to
the criteria established by Caplan, Pan-
kow (35) and Segura-Egea, Castellanos-
Cosano (20) using self-reported antihy-
pertensive medication use to improve
diagnostic reliability. Other studies have
similarly used thresholds of systolic
blood pressure >130 mmHg, diastolic >85
mmHg, or current treatment to define
hypertension (22). An association be-
tween hypertension and AP was also
observed, aligning with previous find-
ings (21, 22). Although severe cardiovas-
cular conditions may not have been
prevalent in this sample, the notable
proportion of hypertensive individuals
under medication (20.5%) underscores
the importance of early detection and
management. Given hypertension’s
modifiable nature, proactive intervention
remains critical in reducing the burden
of CVDs (49).

Hypertensive individuals had 1.629
times higher odds of presenting with AP
(p < .005), while smokers had 2.447 times
higher odds (p < .001). Importantly, our
findings should not be interpreted as
evidence of causality. As emphasized by
Jiménez-Sanchez, Cabanillas-Balsera (50)
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the association does not imply causality.
Shared risk factors between CVDs and
endodontic disease may act as confound-
ers, introducing bias into the observed
associations. Inconsistencies across stud-
ies may be explained by variations in
methodology, participant characteristics,
sample sizes, diagnostic criteria for AP
and CVDs, and statistical approaches.
Additionally, unmeasured confounding
variables, such as socioeconomic status,
access to healthcare, and oral health
behaviors, may have influenced the re-
sults in different ways (2). Longitudinal
studies with standardized methodology,
although crucial for assessing temporal-
ity and dose—response relationships, face
practical challenges such as dropout
rates and methodological variability.
Thus, despite the inherent limitations of
cross-sectional studies, they remain valu-
able for identifying potential risk indica-
tors in diverse populations, thereby in-
forming and guiding future longitudinal
research.

Conclusions

Our findings confirm the high preva-
lence of endodontic infections, with
nearly half of the assessed individuals
presenting at least one tooth with AP
and one RFT. This supports the gen-
eral trend of a stable or slightly increas-
ing prevalence over the past decade.
However, no strong evidence was found
linking AP or RFT to CVDs. Individu-
als with CVDs also showed poorer
overall oral health. The broad definition
of CVD and the reliance on self-report-
ed medical data were among the limita-
tions of the present study. However, the
large sample size and the strict criteria
for hypertension underscored the sig-
nificance of this often silent condition.
Notably, AP was significantly associ-
ated with smoking and hypertension,
both well-established risk factors for
atherosclerosis and cardiovascular
events. Given the rising burden of
CVDs, hypertension, smoking, and AP,
further longitudinal and interven-
tional studies are warranted to clarify
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potential causal relationships and guide
preventive strategies.
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